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Biomedical research requires data integration
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EMBL-EBI: Most important data collections

Genomes & Genes
Ensembl: Joint project with Sanger Institute - high-quality annotation of vertebrate genomes
Ensembl Genomes: Environment for genome data from other taxons
1000 Genomes: Catalogue of human variation from major World populations

EGA*: European Genotype Archive* — genotype, phenotype and sequences from individual subjects
and controls

ENA: European Nucleotide Archive — all DNA & RNA, nextgen reads and traces
Transcription

ArrayExpress: Archive of transcriptomics and other functional genomics data

Expression Atlas: Differentially expressed genes in tissues, cells, disease states & treatments
Protein

UniProt: Archive of protein sequences and functional annotation

InterPro: Integrated resource for protein families, motifs and domains

PRIDE: Public data repository for proteomics data

PDBe: Protein and other macromolecular structure and function
Small molecules

ChEBI: Chemical entities of biological interest

ChEMBL.: Bioactive compounds, drugs and drug-like molecules, properties and activities
Processes

IntAct: Public repository for molecular interaction data

Reactome: Biochemical pathways and reactions in human biology

Biomodels: Mathematical models of cellular processes
Ontologies

GO: Gene Ontology, consistent descriptions of gene products
Scientific literature

CiteXplor: Bibliographic query system

EMBL-EBI i



Patient and Sample
iInformation

(metadata)

é?
O
S
@
)
S

Experiment
data (raw and Data flow Integrated research

processed) )

reference

Gene Information

EMBL-EBI i |



SCIENTIFIC CONFERENCES

= [ P Al
e e A mm

=

Bridging the Gap in Biomedical Genetics
27-29 October 2010

Wellcome Trust Genome Campus, Hinxton, Cambridge, UK

BACKGROUND

Biomedical research is increasingly using new
molecular technologies, such as genotyping,
transcription profiling, or metabolite profiling to
understand disease mechanisms, test drug efficacy,
and develop new therapies. Patient samples are now
routinely profiled by such technologies and the data
are collected in biomedical research warehouses

for analysis. The patient health records are typically
managed in separate information systems. To achieve
the full power of the new approaches for translational
research, the molecular data need to be integrated
with information from the patient records.
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Why do we need standards?

« To help to fit together many pieces to make the useful
whole when we have different manufacturers and product
providers

« Standards in IT — to exchange large volumes of data
when many smaller transactions are needed and no
single architecture can cover all applications

« Successful examples
Telecommunications
Banking
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No single architecture can cover all
biomedical information applications

o Experiment

Public
database 1

Collaborator’s
database

Data analysis
tool 1
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Nature Genetics Reviews (2006)

REVIEWS |

Standards for systems biology

Alvis Brazma, Maria Krestyaninova and Ugis Sarkans

Abstract | High-throughput technologies are generating large amounts of complex data

that have to be stored in databases, communicated to various data analysis tools and

interpreted by scientists. Data representation and communication standards are needed
to implement these steps efficiently. Here we give a classification of various standards

related to systems biology and discuss various aspects of standardization in life sciences

in general. Why are some standards more successful than others, what are the

Domain
Afield of study.

prerequisites for a standard to succeed and what are the possible pitfalls?

Barbarism is the absence of standards to which appeal
can be made. José Ortega y Gassel

Historically, standards emerged from a need for a
recommended practice in the manufacturing of prod-
ucts. The main purpose of standards is to help to fit
together many pieces to make a useful whole. In infor-
mation technology, standards are needed to exchange
large volumes of information when many smaller
transactions are needed. Examples of established
standards include a Hypertext Transport Protocol
(HTTP) and an Exensible Markup Language (XML) for
structuring data.

In the life sciences. the advances in high-throuchput

What is the aim of these standardization initiatives?
How many of these standards are used and how many
have contributed to advances in biology? The goal of
this review is to help systems biologists to navigate the
rapidly changing maze of data standards in life sciences,
and to encourage biologists to provide feedback on these
developments. Such feedback is necessary to ensure
that the developed standards are as close as possible to
addressing the real needs of biology.

[tis important to distinguish between standards that
specify how to actually do experiments and standards
that specify how to describe experiments. Recommen-
dations such as what standard reporters (probes) should
be printed on microarravs or what qualitv control steps



Four steps in developing a bioinformatics standard:

Conceptual design and reporting requirements

Model formalisation — ontology, object model, identifiers
Data exchange format

Supporting software
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What's special about basic research?

« To be on the leading edge you need to do things
differently from the accepted practice

* You have to apply the latest technologies, which keep
appearing monthly

* The goal of basic research is to ‘break out of the box’
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Disruptive technologies.
5

Performance

Time

“A technology becomes disruptive when the rate at which it improves exceeds

the rate at which users can adapt to the new performance.”
The Innovator's Dilemma. Clayton M. Christensen. Harvard Press. 1997
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Disruptive technologies in biology

* Next-generation DNA sequencing
Data will be 1,000 <> 1,000,000 times cheaper to produce

Data production rates will be 1,000 <> 1,000,000 more by the end
of the decade.

* Protein sequencing by Mass Spectrometry may also be
disruptive

* There will probably be others
Macromolecular structure determination by Electron Microscopy
Imaging of various kinds
etc

EMBL-EBI i i



Data in basic research changes somewhat
faster than in banking

Franklin: Have you ever thought, Headmaster, that your
standard might perhaps be a little bit out of date?

Headmaster: Of course they are out of date. Standards are
always out of date. That is what makes them standards.

- Forty Years On, by Alan Bennett, 1968
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So what do we do?

« Give up? Not an option

 Be modest — concentrate on areas with relatively
established protocols and high throughput

« Try to make sure that use of standards give real benefits
to the scientists (end users) quickly (be agile!)

« Successful examples in Genomics and
Bioinformatics

— Gene Ontology (GO)

— Minimum Information About a Microarray Experiment (MIAME)
— Systems Biology Markup Language (SBML)

— R and Bioconductor (Gene Set objects)

— BAM format for UHTS




How do we measure success?

- Citations?
« Usage/Uptake?

* Does this enable research that would not be possible
otherwise (but how do you judge this?)
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Gene Ontology (GO)

« The Gene Ontology, or GO, is a major bioinformatics
Initiative to unify the representation of gene and gene
product attributes across all species

 Ashburner, CA Ball, JA Blake, D Botstein, H Butler ...
Gene Ontology: tool for the unification of biology - Nature
genetics, 2000 - Cited by 5869 (Google Scholar)

« Almost all high throughput data analysis papers use GO
In some way, analysis of groups of hundreds of genes
would not be possible without GO (eg. Gene set
enrichment analysis)
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Minimum information about a microarray
experiment (MIAME)—toward standards
for microarray data

Alvis Brazma', Pascal Hingamp?, John Quackenbush3, Gavin Sherlock?, Paul Spellman®,
Chris Stoeckert®, John Aach?, Wilhelm Ansorge8, Catherine A. Ball%, Helen C. Causton®,
Terry Gaasterland??, Patrick Glenisson'', Frank C.P. Holstege'?, Irene F. Kim®, Victor
Markowitz'3, John C. Matese?, Helen Parkinson’, Alan Robinson’, Ugis Sarkans', Steffen
schulze-Kremer'4, Jason Stewart'5, Ronald Taylor', Jaak Vilo' & Martin Vingron'’

Microarray analysis has become a widely used tool for the generation of gene expression data on a
genomic scale. Although many significant results have been derived from microarray studies, one lim-
itation has been the lack of standards for presenting and exchanging such data. Here we present a
proposal, the Minimum Information About a Microarray Experiment (MIAME), that describes the min-
imum information required to ensure that microarray data can be easily interpreted and that results
derived from its analysis can be independently verified. The ultimate goal of this work is to establish a
standard for recording and reporting microarray-based gene expression data, which will in turn facil-
itate the establishment of databases and public repositories and enable the development of data analy-
sis tools. With respect to MIAME, we concentrate on defining the content and structure of the necessary
information rather than the technical format for capturing it.

Introduction cult, because at present, microarrays do not measure gene expres-
After genome sequencing, DNA microarray analysis' has become sion levels in any objective units. In fact, most measurements report
the most widelv used source of cenome-scale data in the life sci-  only relative changes in gene expression, using a reference which is
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commentary

One-stop shop for microarray data

Is a universal, public DNA-microarray database a realistic goal?

Alvis Brazma, Alan Robinson,
Graham Cameron
and Michael Ashburner

Of the techniques that are being used to
obtain the massive data sets of the molecules
oflife, the most visible is the DNA sequencing
of the human genome. Following on from
the publication of the human chromosome
22 sequence', a rough draft of the whole
human genome should be available by the
spring. But such advances can create the false
impression that everything about life at the
molecular level will soon be understood.
Inreality, genome projects simply transfer
digital information from DNA to computer
file; this genetic ‘parts-list’ is a long way from
providing an understanding of function. It
took hundreds of years to advance from a
fairly detailed understanding of human
anatomy to any real understanding of func-
tion. Knowing the genome sequence and
even the location of all an organism’s genes
is the ‘anatomical’ description of its genome.
Functional genomics is the science of under-
standing how the genome functions through
controlling the expression of genes. This sci-

antific dicrialins will Fantinna lana aftae tha

experiment looking at 40,000 genes from 10
different samples, under 20 different condi-
tions, produces at least 8,000,000 pieces of
information. Currently, these data are scat-
tered among various independent Internet
sites, or may not be publicly available at all,
although conclusions drawn from the data
will have been published. Details about how
experiments were carried out are often
incomplete, Yet the amount of information
being produced in this way is set to explode as
the cost of microarray technology falls.

The need for a public repository

It is time to create a public repository for
microarray data, with standardized annota-
tion (see Box 2, overleaf). But this is a com-
plex and ambitious project, and is one of the
biggest challenges that bioinformatics has yet
faced. Major difficulties stem from the detail
required to describe the conditions of an
experiment, and the relative and imprecise
nature of measurements of expression levels.
The potentially huge volume of data only
adds to these difficulties. However, it is this
very complexity that makes an organized
repository necessary.

Imnartant tacle ta ha nndartallan in_

One difficulty concerns the inherent
fuzziness of gene-expression data. Essentially
all current expression measurements are
relative: we can tell which genes are expressed
differently in an experiment only in compari-
son with another experiment, or in relation
to another gene in the same experiment. Such
methods tell us little about how many copies
of a messenger RNA are present. Moreover,
the transcription levels reported are an aver-
age over the whole cell population sampled.

Consequently, gene-expression measure-
ments from different technologies, or even
from the same technology but from different
laboratories, may not be quantitatively com-
parable. Two steps should allow data from
different sources to be compared. First, rela-
tively raw datashould bestored to obviateany
variation owing to, say, data-normalization
methods. Second, standard sets of control
probes and samples should be designed and
used in experiments to give reference points
so that these data can be normalized, at least
from the same experimental platform.

The ability to compare results obtained
using different technologies will depend on
careful comparison of the technologies; such

avnorimante chanld hsa onranrcacad and
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Community Page

Submission of Microarray Data

to Public Repositories

Catherine A. Ball, Alvis Brazma*, Helen Causton, Steve Chervitz, Ron Edgar, Pascal Hingamp, John C. Matese, Helen Parkinson,

Open access, freely available online

John Quackenbush, Martin Ringwald, Susanna-Assunta Sansone, Gavin Sherlock, Paul Spellman, Chris Stoeckert, Yoshio Tateno,

Ronald Taylor, Joseph White, Neil Winegarden

fundamental principle

guiding the publication of

scientific results is that the
data supporting any scholarly work
must be made fully available to the
research community, in a form that
allonws the basic conclusions o be
evaluated independently. In the
context of molecular biology, this has
typically meant that authors of a paper
describing a newly sequenced genome,
gene, or protein must deposit the
primary datain a permanent, public
data repository, such as the sequence
databases maintained by the DNA
Drata Bank of Japan (DDBE]), European
Biointormatics Instituee (EBL. and
National Center for Biotechnology
[nformaton (NCBL. Similarly, we,
members ol the Microarray Gene
Expression Data Society (MGED;
hetpe/Swww mged.orgl, believe that all
scholarly scientific journals should now
require the submission of microarray
data to public repositories as part
of the process of publicaton. While
some journals have already made this
a condition of acceptance, we feel that
submission requirements should be
applied consistently and that journals
should recognize ArrayExpress
(Bracma ecal. 2003, Gene Expression
Omnibus (GEO) (Edgar et al 2002,
and the Center tor Information Biolooy
Ceane Fvmroecetmnts Tharabaes (CCTRE XY

checklisthunl) as a means of achieving
this goal. (2) Scientific journals should
require that all primary microaray
data are submitted to one of the public
repositories—ArrayExpress, GEO, or
CIBEX—in a format that complies
with the MIAME guidelines. (51 Public
databases should work with authors
and scientific journals wo establish

data submission and release protocols
o assure compliance wich MIAME
ouidelines. (4] To assist with the
review process, the databases should
continue o work in collaboration

with publishers to provide qualifed
referees with secure means ol accessing
prepublication data. Authors should be
strongly encouraged o submit data o
the databases during review.

MNaturally, data should be protected
from general release prior to either
publication or authorization from the
data submirters, whichever comes first.
At a minimum, journals should require
validl accession numbers for microarnay
data as a requirement for publication,

and these accession numbers should be

included in the text of the manuscripe
to allow members of the community to
hind and access the underlving data.
Since its inception in 1999, MGED
has been working with the broader
scienthic community to establish
standards tor the exchange and

ST OEH o ofF mteracarrar deada T

mons Attribution License, which permnits unrestrictad
use, distribution, and reproduction inany medium,
provided the original work is propery cited.

Abbreviations: CIBEX, Center for Information Biology
Gene Exprassion Database; DDBJ, DNA Data Bank

of Japan; EBI, European Bicinformatics Institute;
GEQ, Gene Expression Omnibus; MIAME, Minimum
Information about a Microarray Experiment; MGED,
Microamay Gene Expression Data Society; MCEI,
Mational Center for Biotechnology Information
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nature

25 Sepiember 2002 Volume 219 Issus no £905

Microarray standards at last

Not a moment too soon, the microarray community has issued guidelines that will make their data much more useful and
accessible. Nature and the Nature research journals will respond accordingly.

ou read 2 peper with a fascinating conclusion about the
expression of several genes. You decide 10 use some of the
same experimenss on your syscem of choice. But when you
wade through hundreds of pages of supplementary information.
vou find that crucial detaiks needed for replication are missing.
\Veloome to the exciting but frustrating world of DNA microerray
research. Microarrays are plastic or glass chips spotted with tiny
amoaunes of thousands of probes. used 1o query the activity leveis
of that many genes in any 1issue or organism at one time. \zriables
in every step of the experiment often make cross-paper compearison
virtualiv impossible. Microarray pepers also pose 2 considerzble
strain on the refereeing process; the vast amounts of data mean that
critical review s a monumental task
Yet referees sometimes feel they zre not given enough details. lead-
ing cautious reviewers to think that they must reanalyse the primary
data set. In other cases. the primary data provided are in proprietary
softwareand soare impossible 10 comment on. Many joumnalsallowed
authors 1o put the huge daia files on their own websites for the review
process. until it became clear that unscrupulous authors compromised
the anomvmity of referees by [raclune w ho had v ;sued the \\"'bSl[c‘
> remedy these probi
n Data

inamove

Uther mem-

s of the mi ored to
clarify the ,‘- ini n About y [.\[,r,_l.l., i
(MIAME) s detics 29,3 i)

For authors. the proposal provides a checklist of variables thar
should be included in every microarray publication. at hitpy/www.
mged.org Workgroups MIAME miame_checklist himl. This check-
Gst, withaall varizbies completed, would be supplied assuppiementany
information at the time of submission. The MGED group suggests
that journals require submission of microarray data to either of two
datzbases emerging as the main public repositories: GEQ (www.ncbi.
nlm.nif.gov/geo’) or ArrayExpress (www.ebi.ac.uk/arravexpress).

Harried editors can rejoice that, at last, the commumnity is taming
the unruly beast that is microarray information. Therefore, all
submissions 10 Narure and the Nature family of journals received on
or after | Decemnber conzaining new microarray experiments muss
inciude the mailing of five compact disks 0 the editor. These disks
should include necessary information compliant with the MIAME
standard. The information mus: be supplied in 2 format that could
be read by widely available software packages. Daza integral 10 the
paper's conciusions shoald be submitted to the ArravExpress or GEO
databases. with accession numbers where avazilable, supplied a2 or
before acceptance for publication

How much data should authors provide to the community?
Specificaily. do other researchers really need 1o recreate the exact
micrparray just 1o test the expression level of a few key genes. which
could presumahly be done through other methods? Perhaps with
further evolution and standardization of microarray technologv.
the need to specify so many variables will decrease. but the MGED
standards are surelv appropriate for thecurrent stateofthefield. B
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Enabling research that would not be
possible otherwise

« We collected over 9000 raw data files from Affymetrix
U133A from GEO and ArrayExpress

« Applying strict quality controls, removing the duplicates

« Data on 5372 samples remained

from 206 different studies generated
in 163 different laboratories

grouped in 369 different biological ‘conditions’ (tissue types,
diseases, various cell lines, etc)
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breast cancer (672)

neoplasm (2315)

leukemia (567)
solid tissue neoplasm cell ling (831)

normal solid tissue (536) germ cell neoplasm (71)

sarcoma (104)
nervous system neoplasm (112}

blood neoplasm cell line (166)

disease (765)

cell line (1259)

normal blood (4986) other neoplasm (167)

normal {1033) non neoplastic cell line (263)

blood non neoplastic disease (388) non breast carcinoma (288)

solid tissue non neoplastic disease (377) non leukemic blood neoplasm (334)



O cell line

B non cell line

AN
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lung

:

mammary gland

i

smooth muscie
smooth muscie
adipose llssue
adipose tssue

mammary gland

hematoposotic system
hematopoketic system

brain

Gene
expression
wise most cell
lines are very
similar and
rather different
from their
tissues or
origin!
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Hematopoletic and malignancy axes

oEEnd

blond

connective

incompletely differentiated
the rest

cell line
disease

BOEE

normal

neoplasm

Lukk et al, Nature Biotechnolbgy, 28: 322
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What did MIAME achieve

* To guide microarray software development — all
microarray data shares a certain structure

« To help to implement the principle that data supporting
publications must be made available to the public in a
usable format

« Enabled new conclusions drawn from metaanalysis of
combined data

Being modest in goals and agile in implementation
was the key!
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MGED standards - MAGE-ML

Research

Design and implementation of microarray gene expression
markup language (MAGE-ML)
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Commentary

A simple spreadsheet-based, MIAME-supportive format for
microarray data: MAGE-TAB
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It did work — used in ArrayExpress, Bioconductor, caArray, ...
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A lesson

« Things should be made as simple as possible, but no
simpler (A. Einstein)
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Proliferation of functional genomics standards

- MIAME
 MIAPE
« MIACA
« MIARE
 MISFISIE

 Standardisation of standards - MIBBI
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Nature Biotechnology volume 26 number 8 AUGUST 2008
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More lessons for standards in basic research

* You can’t coerce scientists (or anyone) to use standards

« Assess realistically what the implementation is going to
cost and how much time it will take

« Most successful standards are developed bottom up

« Successful standards are often defined by killer software
applications (bottom up standards)

« Approval of community, journals and funding agencies
« Keep the standards simple

 It's moving target, life cycle may be short, be ready to
redevelop everything soon

« QOpen standards (and open source software)
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Bridging the Gap in Biomedical Genetics
27-29 October 2010

Wellcome Trust Genome Campus, Hinxton, Cambridge, UK

BACKGROUND

Biomedical research is increasingly using new
molecular technologies, such as genotyping,
transcription profiling, or metabolite profiling to
understand disease mechanisms, test drug efficacy,
and develop new therapies. Patient samples are now
routinely profiled by such technologies and the data
are collected in biomedical research warehouses

for analysis. The patient health records are typically
managed in separate information systems. To achieve
the full power of the new approaches for translational
research, the molecular data need to be integrated
with information from the patient records.
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